This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



© 



CO 

10 



PATENT SPECIFICATION 

(21) Application No. 12923/77 (22) Filed 28 March 1977 

(31) Convention Application Nos. 672 388 and 672 437 
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(54) XANTHINE COMPOUNDS AND METHOD OF TREATING 
BRONCHOSPASTIC AND ALLERGIC DISEASES 

(71) We, COOPER LABORATORIES, INC. « 
existing under the laws of the Stare «>< »' 
Route 46. p — : - 

SPECIF1CATION NO 1561005 ^ 

United States of America, B as 7571S/7 

America. 

THE PATENT OFFICE „._ cu inai . 

... ».«y are sensitized. The antigen 
. - OI certain chemicals (allergic mediators) which in 

r .~.ucc me allergic symptoms. Allergic reactions can also produce effects in 
organs other than the bronchi, particularly the skin, eyes and nasal mucosa and 
include such diseases as allergic rhinitis and urticaria. 
20 Acute asthmatic bronchospasm has been treated with drugs which relax bronchial 

smooth muscle. Sympathomimetic drugs such as epinephrine, isoproterenol, and 
terbutahne and xanthine drugs such as theophylline and its salts (aminophylline etc ) 
S^f n a n^- T P ur P 0SC " D rugs such as cromolyn sodium which inhibit the 
7. rintr^ J^ me J at0rs ' ha V. e been ™* Prophylactically to treat bronchial asthma. 

25 Corticostenod drugs have also been used to treat bronchial asthma and other allerev 

Many of the drugs used hitherto have shortcomings which make them less than 
ideal or treatment of asthma and other bronchospastic and allergic disease" For 
10 SSSSi TH? L < ^P™"™ 01 «fcve l "e symptoms of asthma for oniv a 
30 relatively short period of time and are ineffective orally. Theophylline has limited m 
efficacy and produces cardiac and gastrontestinal side effects. Cromolyn sodium is omv 
effective by inhalation or injection and is ineffective by oral administration The 
comcostenod drugs have serious side effects which limit their chronk use 

Substituted xanthines have been known for some time as bronchodilators and 
22? (1 ' 3 - dmCth ^ anthinc ) h " »«W ^en used in the treatment of bronchi 35 

von^" 01 a ? em P^ J"™ been made to improve theophylline by substitutine the 
xandune nucleus with d.fferent groups in several positions in the molecule A number 
H L ' MXant ^ nCS /? d W- tria lkyl*anthines have been shown to be b2 
40 SheTn 10 a "' ma, H m K 0deIs - »r CVCr ' n ° ne 0f ^ substituted xanthine compounds 

t onc-hnH ^ f h T d ' SpIaCed theo P hvl Iine ™d its salts as clinicallv uscfu 40 
bronchodilator and antiallergy agents. um-iui 

A class of substituted xanthine compounds has now been found which are verv 
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(54) XANTHINE COMPOUNDS AND METHOD OF TREATING 
BRONCHOSP ASTIC AND ALLERGIC DISEASES 

~-,- (71) a ^ e > I C00 f E L R LABORATORIES, INC., a Company organised and 
existing under the laws of the State of New Jersey, United States of America, of 1259 
Route 46, Parsipanny New Jersey 07054, United States of America, do hereby declare 
the invention, for which we pray that a patent may be granted to us, and the mShod 
smeSt -" Ptrf ° nned ' t0 * l**d««y bribed in and by the foEng 

„f k™* .™ ven £ on rcl «es to substituted xanthines which are useful in the treatment 
of bronchial ^asthma and other bronchospastic and allergic diseases. The invention also 
relates to pharmaceutical compositions comprising such a substituted xanthS and a 
pnarmaceuacally-acceptable carrier. 

Bronchial asthma is characterized by bronchospasm caused by contraction of the 
bronchial smooth muscle, increased secretion of mucus from the bronchi and edema 
of the respiratory mucosa. While the etiology of asthma is not comple"dy known iHs 
believed to involve an allergic reaction. Allergic reactions occur in sensSzed ind 
viduals who are exposed to the antigen to which they are sensitized. T?e an i R e„ 

ZZ Z^' r S eaSe „ m - hC b0dy ° f CCrtain Chemica,s < alI «gi<: mediators) whicK 
rum produce the allergic symptoms. Allergic reactions can also produce effects n 
organs other than the bronchi, particularly the skin, eyes and nasal mi.co" and 
include such diseases as allergic rhinitis and urticaria. 

tmn ni, CUt ^ as * ma c tic bro n<:hospasm has been treated with drugs which relax bronchial 
smoo h muscle. Sympathomimetic drugs such as epinephrine, isoproterenol and 
terbutalme and xanthine drugs such as theophylline and its salts aminophvEe etc ? 

SSLI?.!! • J" Pr"-"**" such « ^"olyn sodium whiKhTbit the 
release of allergic mediators, have been used prophylactically to treat bronch al I asthma 
Comcostenod dmgs have also been used to treat bronchial asthma and other atn^ 

Many of the drugs used hitherto have shortcomings which make them less than 
ideal or treatment of asthma and other bronchospastic and anergic d£e«c, For 
example, epinephrine and isoproterenol relieve the symptoms o aTchma Tor onlv I 
relat.vely short period of time and are ineffective orallv. T^eophv lirTe ha limtrf 

A class of substituted xanthine compounds has now been found which are very 
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effective brnnchodilator and antiallergy agents with rapid onset and prolonged duration 
of action. These compounds are effective, rapid-acting bronchodilators by all routes 
of administration and accordingly can be used to abort an acute bronchospastic attack. 
In addition, they are orally effective, long-acting antiallergy compounds, by suppressing 
5 the release of allergic mediators. Hence, these compounds may be used prophy tactically 5 

to treat bronchial asthma, and other bronchospastic and allergic diseases. 

As will be appreciated from the Examples which follow, the compounds of the 
invention may be used prophylactically as well as in acute bronchospastic and allergic 
attacks. It will also be appreciated that long-lasting relief of bronchial asthma and 
10 other bronchospastic and allergic disease may be achieved using compounds according io 

to the invention. 

According to this invention, there are provided novel xanthine compounds with 
which bronchial asthma and other bronchospastic and allergic diseases can be treated 
in mammals, the xanthine compounds having the general formula: 
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20 



Formula I 15 

R l 

wherein 

R^Q— C, alkyl; 

R 3 = — CH a — (Q — C*) alkyl or— CH S — .(C— C cydoalkyl); 

R f = H or COOR in which R^d— C 4 alkyl, 2-halo C— C* alkyl or phenyl; 

R,— H or Ci — ♦ alkyl; provided that R T and R, are not simultaneously H. 20 

"Halo" as used herein means chloro or bromo. 

The novel compounds of this invention which are preferred as bronchodilator and 
antiallergy agents have the following general formula: — 

? Cbc* 



25 



30 



wherein: 

R 1 = C I — C, alkyl, 

R n = CH 7 (C n --C i alkyl), 

or — CH 2 — (C— C cydoalkyl), 

R, = Ct— C, alkyl, 
*V R =0,-0, alkyl, 2-halo (C ; — C, alkyl), phenyl. 

According to another preferred embodiment of this invention prolonged broncho- 
dilation and prolonged inhibition of allergic mediator release in mammals are produced 
by administering an effective amount of a substituted xanthine compound having the 
formula: 

wherein : 

R t - methyl 

R 3 = _-CH 2 — (Cu— C, alkyl); _CH ? — (Cv-<^ cydoalkyl) 
R, = C^C alkyl 

^ The compounds of the invention may be administered orally, parenteral ly, or by 40 

inhalation and conveniently will take the form of tablets, capsules, solutions, elixirs, 
emulsions or aerosols. Typical effective doses in man range from 0.01 to 50 milligrams 
per kilogram of body weight depending on route of administration and potency of 
4< compound selected. 

Rn may, fnr example, be w-butyl, ijo-butyl, w-pentyl, 2-methyl-l -butyl, 3-methvl- 45 
l-butyl, 2,2-dimethyI-l-propyI, cyclopropylmethyl or cyclobutylmethyl. 

R s may, for example be methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 1- 
methylpropyl or t-butyl. 
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R may for example be methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 2- 
chJoroethyl, 2-chloropropyl, 2-bromoethyl, 2-bromopropyl or phenyl. 

The presence of a carboalkoxy group in the 7-position of the compounds of this 
invention has been found to give an improvement in efficacy and, as shown for example 
in Example 5 below, this effect is similar to the effect achieved in the case of prior art 5 
compounds (e.g. 7-carbomethoxy-theophylline as compared to theophylline itself) The 
data show that the xanthine carboxylate ester is more potent, with both faster onset and 
longer duration of action. These data indicate a greater bioavailability of the xanthine 
carboxylate ester. The 7-carboalkoxyxanthines are believed to act as latent forms of 
the alkylxanthme bronchodilators and are biorransformed to the corresponding in 
xanthine-7-carboxylic acids, which then decarboxylate to yield the corresponding alkvl- 
xanthine. Thus for the case of 1,8 - dimethyl - 3 - (2 - methylbutyl) - xanthfne 7- 
Slow? MtCr ' * e ma '° r rcaCt '° n stt ' ucnce is bought t0 Proceed as 



D fOOCH, J? fOOH 




15 



eH^CKHjCH, CS^C^CII, ic^dljCB, 

a ~JV S p ? t ? Rd R .= methyl. The introduction of an alkyl group in the 

i"E Zl^LTiTA™!?' h " iixOVeKd » Produce « c7mpS havSg 
a long tasting activity. As shown below in Example 6, all of the 8-a^bWtS 
bronchodilators have a longer duration of activity than the correspond^ 8-H 
20 afthTg n^wS'T 1 «»■» P"™"* the normal ai^Sr^SfcUrio. 20 

xanthine ? ranthmcs and thereby prevents rapid bioinactivation of the 20 

It is preferred to have R, selected from the following groups mentioned earlier 
namely n-butyl, isobutyl n-pentyl, 2-methyl-l-butyl, 3-me\hyl-l*utyI, gtoSfit 
25 Vpropy^cydopropjtoethyl and cydobutylmethyl. More preferred R, groups of Se 2 5 

hsted above are isobutyl 2-methyi-l -butyl, 3-methyl-l-butyl, n-pentylf 2,2-dimethy* 
^ y 'K C5 S.° Pr0Pylme ^? «nd cydobutylmethyl groups. Of these/isobutyl and 2- 
methyl-l-butyl are especially preferred and 2-methyl-l-butyl is most preferred. This 
group has to the Applicant's knowledge never, been reported as a sibstituent in a 
30 xanthine compound and has a significant advantage over the prior art R, groups In -in 

3 comparison with the known R, groups, as shown below in Example 7, the 2-methyl-l- 

butyl group surprisingly confers on the xanthine bronchodilators an effectiveness equal 
to the best R, group reported in the prior art, the isobutyl group. This is surprising 
is S^fi*,-™* hlghCr ^ 0m °u l0& the 2 -™thyl-l-pentyl group, confers muc? owe? 

, n 35 brcmchod.lat.on potency. Furthermore, the 2-methyl-l-butyl group surprisingly com- as 

10 J" 1 " th,s ^ .Potency wid, a substantia „y lower Liciry. Thus the 2-methyM-Zl 

group .s uniquely su,table for the R, group of a xanthine bronchodilator, particulariv 

Z^tTrt I* 3 7< *"^JW *Wch, - Piously »d«tf ES 
* f compound, and therefore such compounds which contain thT 2- 
40 methyl-l-butyl group are greately preferred. contain tne i- 

for fP'hl^Sm f.° U -?l f0r R " R * . 8nd R 3re meth y'- mo » preferred group 
>S £ r R ' « ^thyl-l-buryl. The most preferred compound is that which combines all 

45 A highly preferred compound i 5 l,8-dimethyl-3-isobutylxanthine. This compound 

has great potency and ,s long-acting. The most preferred compound wherein R ? =H 
is that which combines the preferred groups, namely l,8-dimethyl-3-r2-methvl 1 
^^^S^l 8 - «* Potent TeS'ely 



40 



45 



low toxicity, and long-lasting activity. 

r^rr^i^'^^^'^^^u^^^^" of this invention mav be prepared bv 50 
reacting the sodium salt of the corresponding 1,3,8-trialkvlxanthin*. u,;,k . n i 50 
chloroformateQCOOR according to the following reaction a,ky, * anthme Wlth an alk y' 



The sodium salt of the 1,3,8-trialkylxanthine can be prepared by the action of a 
strong base such as sodium hydride on the 13,8-trialkylxanthine. The reaction can be 
carried out in a suitable inert solvent such as tetrahydrofuran. 

The 1,3,8-trialkvlxanthines can be prepared by the well-known general procedure 
of Traube, Berichte 33, 1371 and 3055 (1900). 

A 1,3-dialkyl urea having the general formula 



15 



I,— NH— <L-NH— R, 



is first prepared. This urea can be prepared by reacting one mole of an alkyl isocyanate 
with one of an amine according to the reaction 



10 Ri— NCO + H 2 N — R* — > Ri — NH — C — NH — R 3 



r^NH-C-NH-Rj + NCCH,COOH >CO 

^NH-R, 

The reaction is conveniently carried out in acetic anhydride at 60° to 70° C. The 
reaction gives preferentially although not exclusively the product containing the 
smaller alkyl groups as Ri- The isomers may be separated by fractional crystallization. 
25 The 1,3-dialkyi-l-cyanoacetylurea is next cyclized to form a 4-amino-l > 3-dialkyl- 

uracil according to the following reaction: 



cT 1 






10 



It is evident from the symmetry of the product that either R, or R* may be in 
the isocyanate reagent and either group may be in the amine reagent. The conditions 
under which this well-known reaction proceeds are known to one skilled in the an. 

The isocyanate required for the above reaction may be prepared by reacting the 
corresponding amine with phosgene according to the equation 1 5 

R x — NH, + COC1, -* R,— NCO + 2 HQ 



The conditions for this reaction are well known to those skilled in the art and are 
described in the chemical literature, e.g., in British Patent 901,337. 

The 1,3-dialkyl urea is next converted into a 1,3-dialkyl-l-cyanoacetylurea by 
20 reaction with cyanoacetic acid according to the following reaction: 20 



0 ^NRj-C-CHjCN 



25 



3 

The reaction is carried out by treating the 1,3-dialkyl-l-cyanoacetylurea with a 
strong base such as sodium hydroxide in an aqueous medium. 
30 The 4-amino-l,3-dialkyl uracil is then converted into 4-amino-5-nitroso-1.3- 30 

dialkyluracil by treating with sodium nitrite in glacial acetic acid at room temperature, 
according to the following reaction: 



The 4 - amino - 5 - nitroso - 1,3 - dialkyl - uracil is then reduced to a 4,5- 
35 diamino - 1,3 - dialkyluracil by reaction with sodium dithionite in ammonium hydroxide 35 

.-I..*;--. ~ n tn the fnllnwina reaction: 



0 
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10 15 
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wherein R, is a lower alky! group 
t r ia .k™4^^^ ^ then cycled to for m the 1,3,8- 

peraturc according to the following^qSoT S ° lution 10 reflu * 





JO 

30 
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mixed in any proportion? ThTraSc or ?2 m T^' f0nDS may exist *P>™teIy or 
obtained in 5£ sy^theS Jng £S£ SK^S™"* * cnantio meri <= ^ is 
forms of the substituted xanthLw « ? be orenarS ST^ "T" 7 The °P tically active 
active amines R,NH, i„ 2? Z£ . FoTSlnfeT* ^."^"ding optically 15 
levo- form of the substituted 25, M^<£<3^^ e J^ « 
obtained by starting with the corresnond^I nl^lii • ^ CHl)CHj CH » be 
amine. De«ro- and levo-2- meuSK^«££* / 0rm of 2-methylbutyI- 

20 ing commercially ^\J^S^^^i^SS^ ^ *T the com Wd- 

described by Vasi, I. G., and DesaL R K r/^H- ?T S by ,he P^edure 20 

j^esai, n. a.., /. lnst Chemists Calcutta, 45, 66 (1973). 
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desert ^"p^te^ij^, t 1 ^ * ^ PTOCesSCS > as 

which^pLels' SpriS Srn^V s r P0Und , ° f I™?? 1 " « ^ COOR 

*anthine P in which rte 1-aWl In ^Th ? l H°t " J' 3 ^^ 1 " or U.S-trialkyl- 
group is as defined for R, fa Forrmda I and 1^ a w. R ' " ^"""J" l > Ihe 3 -""* 
J™* I, with an a IkyI ^ro^^^^^^ 

which the 1-alky! group is as defined f£ T ? " 5 » '^'V"'!! 0 - l,3-dialkyl.,racil in 
defined for Rj Z Formul I "Jf*& mLIiZZ^ ?5 3H,lkjrl ^«P « - 
which R, is as defined for Formula I a,kaJloy,am,no Poup « of formula NHCOR. in 

,o m ^s^jtr r be Jd - «Wi2S&;^ sohJ,,ons ' 

mcorporatinrfhe^tola^ rSTSSS fT""^ ^ ? mp ™* d 40 
disintegrants, colors, flavor? swS n ? ^"T' b ' nderS ' Iub ™ants, 

35 d ''"<™ such as calcium sulfate Uc^kSin^ C ° m T ly USCd P ha "naceutical 

and powdered sugar may be used ' n,ann ' t ° 1 ' S ° d, " m ch,oride ' drv "arch, 
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Binders for tablcrs include starch, gelatin, sugars such us sucrose, glucose, lactose, 
molasses, natural and synthetic gums such as acacia, sodium alginate, extracr of Irish 
moss, panwar gum, ghatti gum, carboxymethyl cellulose and polyvinylpyrrolidone. 

Commonly used lubricants for tablets include talc and hydrogenated vegetable 
oils, and these may used in compositions according to the invention in tablet form. 5 

A. disintegrant may if so desired be incorporated into the tablets. As disintegrants 
starches, clays, cellulose, algins, and gums may in particular be used as is well known 
to those skilled in the art. 

Conventional coloring agents such as pharmaceutical^ acceptable dyes and lakes, 
and flavoring agents such as mannitol, lactose, or artificial sweemcrs may also be 10 
added to the tablet composition. 

The compounds of this invention may also be administered orally contained in hard 
or soft capsules of gelatin or other suitable material. The compound of this invention 
may be present in the capsule alone or mixed with a suitable diluent such as lactose or 
1 5 starch. 1 5 

The compounds of this invention may also be administered sublingually as rapidly 
disintegrating tablets or as troches or sublingual loienges or pastilles. These dosage 
forms are prepared by mixing the active ingredient with flavored, rapidly dissolving 
20 i° r ra P"N v disintegrating excipients. For example a suitable base would comprise starch, 

lactose, sodium saccharin and talc. 20 

Parenteral means can also be used for administering the compounds of this 
invention. They may be incorporated into implantable, slow-dissolving pellets or into 
aqueous injectable suspensions or solutions, or oily injectable media such as fixed oils. 
25 In general, the parenteral forms should be prepared just prior to use. 

t The compounds of this invention may also be administered by inhalation of a 25 
mist The active compound may be dissolved or suspended in an aerosol propel lan t 
or suitable carrier liquid and loaded into a standard aerosol container with sufficient 
propellant to provide the proper pressure for dispensing the compound. These pro- 
pellants are usually fluorinated or fluorochlorinated lower saturated aliphatic hydro- 
carbons. The active ingredient is then dispensed through a special valve in the form 30 
of a fine mist which is inhaled. 

The great potency of 1,8 - dimethyl - 3 - (2 - methyl - 1 - butyl) - 7 - carbo- 
ttethoxyxanthine and 1,8 - dimethyl - 3 - (2 - methyl - 1 - butyl)xanthine makes 
j$ preferred compounds for aerosol administration, like epinephrine and iso- 

P^^jtrcnol, to abort acute attacks. Aerosols of theophylline and its salts have been 3$ 
tried in the art, but the high doses required for these drugs to be efficacious and the 
resulting toxic reactions make this mode of administration impractical. 

As is well-known in the pharmaceutical art, it is necessary in compounding dosage 
40 >°rm$ to avoid incompatibilities between ingredients. In formulating dosage forms 

containing the compounds of this invention, it is necessary to avoid combinations of 40 
ingredients which will result in the instability of the active compound if the dosage 
forms are to be stored for long periods of time. The particular incompatibilities to be 
avoided to attain this goal will be evident to one skilled in the art for each particular 
^ aosagx form. Thus, for example, aqueous dosage forms of some of these compounds 

cannot be stored for long periods of time; however, they are perfectly satisfactory 45 
dosage forms if prepared immediately before administration. 

It is preferred to administer the bronchodilator and antiallergy compounds of this 
invention orally in the form of tablets or capsules. Preferred dosage ranges in humans 
50 ^ rom - t0 5° m E- The following examples illustrate the practice of this invention 

nut ire not intended to limit its scope. 50 

Example 1. 

Synthesis of l,8-dimcthyl-3-(2-methyl-l-butyl) xanthine 

Step 1 

l-methyl-3-(2-methyl-l -butyl) urea (I) 



to) 



UAjNCO - H^NCH.CHC^H, ^ CH, NHCONHCH 2 CHC a H, 

I 100% t 

CH, CH 3 

m 
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1.03 kg (11.8 mole) of 2-methyl-l-butylamine was added to 4.5 L of chloroform 
and the solution cooled to 5°C 

Then 674.0 g (11.8 mole) of methyl isocyanate was added slowly while main- 
raining the temperature at 0.5°C 
5 After the addition was complete the reaction was allowed to reach room tempera- 5 

ture. Stirring was continued for 18 hours. 

The chloroform was removed under vacuum to yield —1.7 kg of i -methyl -3- 
(2-methyl-l -butyl) urea (I) — an oil. Yield 100%. 

Step 2 

10 l-™ethyl-l-cyano<icetyl-3-(2-methyl-l-butyl) urea (2) 1Q 

.NMeCOCHjCN 

C, H 5 CHCH 2 NHCONHCH, ♦ NCCH a COOH >CO 

I 100% \ 

CH * ^NHCH 2 CHMeEt 

To -1.7 kg (118 mole) of l-methyl.3.(2-methyl-l.butyl)urea (1) were added 

1,8 * (i3 - 9 -■■> ° f ™. was - 

The acetic anhydride was removed under vacuum to yield -2.9 kg of an oil is 
lithvM Tt? 3 m /T rc vT° f Cyan ° acetic add "«* l-^yl-l-cyariofcetyl-S-S 5 

Step 3 

20 4*f*ino-l-methyl-3-(2-methyl~l-butyl) uracil (3) 



15 



o 

CH 



20 



°C£i^ "X. 

a a cm*ct 

10.3 L of 10% NaOH solution was slowly added to 2.9 kg (11.8 mole) of crude 
l-mcthyl-l-cyanoacetyl-3-(2-methyl-l-butyl) urea (2) with stirring 

25 ~<mJ&%£3? Sh0n,y an ° ther ^ PrCdp,tated ^ tt -P« n " rose 10 

AfteT stirring for a while at room temperature the oil crystallized 
a a- I S°^f pn)duct was fi,tered - The crude product was slurried in water 
and dned @ 50°C m vacuo to yield -2.1 kg of 4-amino-l-methyl-3-f 2 methvl 1 
butyl) uracil (3) (m.p. 121-124°C). Yield 85% from (1). ' ( methyl-l- 

30 Step 4 

4-amino-S-nitroso-l-methyl-3-(2-methyl-l-buty\) uracil (4) 30 



25 



n^^i f i V 4 - a f lin °- 1 : mcil »y'-3-C2-inethyl-l-butyl)uracil (J) was sus- 

pended .n 22.0 L of water. A solution of 745.5 g (10.8 mole) of sodium nitrite in 

ILh J W *2 I r ° l - C sus P ension Then 1-2 L of glacial acetic acid was 35 

added dropw.se and the suspens.on was stirred for 18 hr. at room temperature 

After cooling the precipitate was filtered. The crude product was slurried in 
water and dned @ 80° C \ w vacuo to yield -1.9 kg of 4-amino-5-nitroso-l- me th y l-3 
(2-methyl-l-butyl)urac!l (4) m.p. 202-2O4 e C). Yield 80% X 
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Step 5 



4j-diamino-l-methyl-3-(2~methyl-l-butyl) uracil (5j 




^H.CHMeEt 




8.65 L of cone, ammonium hydroxide (58%) was added to 1.9 kg (7.9 mole) 
5 of 4-amino-5-nitroso-l-methyl-3-(2-methyl-l-butyI)uracil (4). An orange salt formed. 5 

The suspension was placed in an oil bath at 80 — 90°C and a solution resulted. 
5,6 kg (32.3 mole) of sodium dithionite was added in portions over about 30 min. 
When the addition was complete stirring .was continued for 30 min. 

The reaction was allowed to cool to room temperature and stirred overnight. 
10 After cooling the precipitate was filtered, slurried with water and dried @ 80°C 10 

in vacuo to yield — 1.25 kg of 4,5 -diamino-l-methyl-3-( 2- methyl-1 -butyl) uracil (5) 
(m.p. 161— 163°C). Yield 70%. 

Step 6 

4-amino-5^etylamino-l-methyl-3-(2-methyUl -butyl) uracil (6) 

is AA„ 2 AA 3 is 

*H 2 CHC 2 H S CH.CKC.H, 




1.25 kg (5.5 mole) of 4,5-diamino-l-methyl-3-(2-methyl-l-butyl)uracil (5) was 
added to 4.5 L of glacial acetic acid and heated to reflux for 2 hrs. 

The acetic acid was evaporated and the residue triturated with ether. The solid 
was filtered and dried @ 60°C in vacuo to yield ^1.26 kg. qf 4-amino-5-acetylamino- 
20 i.methyl-3-(2-methyM-butyl)uracil (6) (m.p. 178— 182°C). Yield 85%. 20 

Step 7 

1 ,8~dimethyl-3-(2~methyl-l -butyl) xanthine (7) 

£h 2 chc 2 h 5 

1.26 kg (4.7 mole) of 4-amino-5-acetylamino-l-methyl-3-(2-methyl-l-butyl)- 

25 uracil (6) was added to 3.9 L of 10% sodium hydroxide solution and heated at reflux 25 

for 30 min. 

The solution was filtered and the filtrate cooled to room temperature. 
The pH of the filtrate was adjusted to 5.0 with glacial acetic acid. 
After cooling the precipitate was filtered. The crude product was slurried twice 
30 with water and dried @ 80°C in vacuo to yield about 1.0 kg of l,8-dimethyl-3-(2- 30 

methyi-l-butyi)xanthine (7) (m.p. 189— 191°C). Yield 85%. 

Example 2. 

1,3-dialkylxanthines and 1,3,8-trialkylxanthines 
By the procedure of Example 1 a number of 1,3-dialkylxanthines and 1,3,8- 
35 trialkylxanthines are synthesized. By proper choice of the reagents containing the 35 

precursors of the R 0 Ri and R„ groups the particular compounds are synthesized. R, 
and R tl are determined by the reagents reacted in Step 1, R M is determined by the 
carboxylic acid reagent used in Step 5. Table 1 shows the reagents used in Steps 1 
and 5 to introduce R t , R*, and R„, and produce the listed compound. 
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TABLE 1 



:5 



i0 



15 







STEP 1 


STEP 5 


No. 


Compound 


isocyanate 


amine 


acid 


4315 


i uic myi-j- 

(n-butyl)- 

xanthine 


methyl isocyanate 


n-butylamine 


formic acid 


4258 


l-m*» th v 1 . 1- 
* me myi* j* 

(i so butyl) 
xanthine 


methyl isocyanate 


isobutylamine 


formic acid 


6806 


l-methyl-3- 
vn-penty u 
xanthine 


methyl isocyanate 


pentylamine 


formic acid 


4280 


DL-l-methyl- 
j-^*mctny i- i- 
butyO-xanthine 


methyl siocyanate 


2-methyIbutyl- 
amine 


formic acid 


4340 


l-methyl-3- 
(2,2-dimethyl- 
1-propyl) 
xanthine 


methyl isocyanate 


2,2-dimethyl- 
propylamine 


formic apiH 


oa«+u 


1.8-dimethyl-3- 
(n-butyl)- 
xan thine 


methyl isocyanate 


n-butylamine 


acetic acid 


4506 


1.8-dimethvI- 
3-n-pentyI- 
xan thine 


methyl isocyanate 


pentylamine 


acetic acid 


4500 


1,8-dimethyl- 

3-isopentyI- 

xanthine 


methyl isocyanate 


isopentylamine 


acetic acid 


6738 


l,8-dimethyi-3- 

(2,2-dimethyl- 

propyO-xantliine 


methyl isocyanate 


neopentyl amine 


acetic acid 


6796 


D-l,8-dimethyl- 

3-P-methvl-l- 
butyl) xanthine 


methyl isocyanate 


D-2-methyl-l- 
butylamine 


acetic acid 


6807 


L- 1,8-dirnethyI- 
3-(2-methyl-l- 
butyl) xanthine 


methyl isocyanate 


L-2-methyI-l- 
butylamine 


acetic acid 


4490 


DL-l-methyl-3- 
(2-methyl- 1- 
butyl)-8-ethyl- 
x an thine 


methyl isocyanate 


2-methyl-l- 
butyl amine 


propionic acid 


4489 


DL- l-ethyI-3- 
(2-mcthyI-butyl- 
8-methyl- 
xan thine 


ethyl isocyanate 


2-melhyl-l- 
butylamine 


ace lie acid 

i 



TABLE 1 (Continued) 








STEP 1 


STEP 5 


No. 


Compound 


isocyanate 


amine 


acid 


4495 


DL-L8-dielhyl- 
3-(2-methyl-l- 
butyl) xanthine 


ethyl isocyanate 


2-methyl-l- 
butylamine 


propionic acid 


4388 


1,8-dimethyl- 
3-isobutyI- 
xan thine 


methyl isocyanate 


isobutylamine 


acetic acid 
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Example 3. 

l,8-dimethyl-3-(2-methyl-l-butyl) xanthine-7-carboxylic add, methyl ester 



20 



1.0 kg (4.0 mole) of l > 8-dirnethyU3-(2-methyl-l-butyl)xanthine was suspended 
in 19.0 L of dry tetrahydrofuran. 

288.0 g of sodium hydride (50% in oil) (6.0 mole) was washed with anhydrous 
ether and was then carefully added to tie suspension. 

The suspension was stirred for 1 hr. (a solution resulted). 

567.0 g (4.0 mole) of methyl chloroformate was slowly added 

After addition was complete the reaction was heated to reflux for 18 hrs. 

Then the reaction was filtered hot. The filtrate was evaporated and the residue 
triturated with hexane. The resultant solid was washed with a little ether, filtered and 
dried @ 40°C in vacuo to yield —1.0 kg of l,8-dimethyl-3-(2-methyl-l-butyl)- 
xanthine-7-carboxylic acid, methyl ester (m.p. 110— 112°C). Yield 82%. 

Example 4. 

1,3-dialkylxanthine- and l,3,8-trialkylxanthine-7-carboxylic acid esters 
By the procedure of Example 3 using the corresponding 1,3,8-trialkylxanthine and 
ester of chloroformic acid listed in Table 2, the 1,3-dialkylxanthine- and 1,3,8-trialkyl- 
xanthine-7-carboxylic acid esters listed in Table 2 are prepared 
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TABLE 2 






Reagents 


No. 


Product 


Xanthine 


Chloroformic Ester 


6896 


l-methyl-3-(n-butyl)- 
xanthine-7-carboxylic 
acid, methyl ester 


l-methyl-3-(n-butyl)- 
xan thine 


methyl chloro formate 


4274 


l-methyl-3-(isobutyl) 
xanlhine-7-carboxylic 
acid, methyl ester 


l-methyl-3-(isobutyl)- 
xan thine 


methylchloroformate 


6865 


l-methyl-3-(n-pentyl) 
xanthine-7-carboxylic 
acid, methyl ester 


1-methy l-3-(n-p en ty 1 )- 
xanthine 


methylchloroformate 


4380 


l-methyl-3-(2-methyl- 
1-buty l)xanthine-7- 
carboxylic acid, 
methyl ester 


l-methyl-3-(2-methyl- 
1-butyl) xanthine 


methylchloroformate 


6854 


l-methyl-M2,2- 
dimethyl-l-propyl) 
xanthine-7-carboxylic 
acid, methyl ester 


1-methy l-3-(2, 2- 

dimethyl-l-propyi) 

xanthine 


me thy 1 ch 1 oro fo rmate 


6892 


l,8-dimethy!-3-(n- 
butyl)-xanthine-7- 
carboxylic acid, 
methyl ester 


l t 8-dimethyl-3- 
(n-butyl) xanthine 


methylchloroformate 


4507 


l,8-dimethyl-3-n- 
pentylxanthine-7- 
carboxylic acid, 
methyl ester 


l,8-dimethyl-3-n- 
pentylxanthine 


methylchloroformate 


4505 


l,8-dimethyl-3-iso- 
pentyl-xanthine-7- 
carboxylic acid, 
methyl ester 


l,8-dimethyl-3- 
isopentylxanthine 


methylchloroformate 


6897 


1.8-dimethy!-3-(2,2- 
dimethylpropyl) xanthine 
7-carboxyiic acid, 
methyl ester 


1 R-Him<»rVi 

(2,2-dimethyl propyl) 
xanthine 


methylchloroformate 


4390 


l,8-dimethyl-3-iso- 
butyIxanthine-7- 
carboxylic acid, 
methyl ester 


l,8-dimethyl-3- 
isobuty I xanthine 


methylchloroformate 


6919 


D-l,8-dimethyl-3-(2- 
methyl- 1-butyl) xanthine 
7-carboxylic acid, 
methyl ester 


D-l,8-dimethyl-3-(2- 
methyl-l-buty D- 
xan thine 


methylchloroformate 



TABLE 2 (Continued) 







Reagents 


No. 


Product 


Xanthine 


Chloroformic Ester 


6938 


L-l,8-dimethyl-3-(2- 
methyl-l-butyl)xanthine- 
7-carboxylic acid, 
methyl ester 


L-l,8-dimethyl-3-(2- 

methyl-l-butyl)- 

xanthine 


methyl chloroformate 


4491 


DL-l-mcthyl-3-(2- 
methyl-l-butyl)-8-ethyl- 
xanthtne-7-carboxylic 
acid, methyl ester 


DL-l-methyl-3-(2- 
methyM-butyD-8- 
ethylxan thine 


methyl chloroform ate 


4494 


DL-l-ethyl-M2-methyl- 
l-butyl)-8-methyl- 
xanthine-7-carboxylic 
acid, methyl ester 


DL-l-cthyl-M2- 
methyl-butyl)-8- 
methylxanthine 


methyl chloroformate 


4498 


DL-1.8-diethyl-3-(2- 
methyl-l-butyl)xanthine- 
7-carboxylic acid, 
methyl ester 


DL-l,8-diethyl-3-(2- 
methyl-l-butyl)- 
xan thine 


methylchloroformate 


4477 


DL-l,8-dimethyl-3-(2- 
methyl- 1-bu ty 1) xan thine 
ethyl ester 


DL-l,8-dimcthyl-3-(2- 
methyl-l-butyl) 

it An tli i np 


ethyl chloroformate 


4488 


DL-l,8-dtmethyl-3-(2- 
mftthvl-l-hutv!)xan thine- 
7-carboxyIic acid, 
n-propyl ester 


DUl,8-dimethyl-3-(2- 

mcthyl-l-butyl) 

xanthine 


n-propyi chloroformate 


6852 


DL-l,8-dimethyl-3-(2- 
methyl-l-butyl)xanthine- 
7-carboxylic acid, 
2-chloroethyl ester 


DL-l,8-dimethyI-3-(2- 

methyl-l-butyl)- 

xanthine 


2-chloroethyl chloro- 
form ate 


6860 


DL-l,8-dimethyl-3-(2- 
methyl-l-butyl) xanthine- 
7-carboxylic acid, 
phenyl ester 


DL-l,8-dimethyl-3-(2- 
methyl-l-buty l)- 
xanthine 


phenyl chloroformate 



In the following comparative examples results of pharmacological rests with a 
number of the compounds of this invention and of the prior an are presented. The 
pharmacological properties were evaluated by standard tests which are defined, together 
5 with the symbols used as follows: 5 

BD Bronchodilator activity evaluated against histamine-induced bronchocon- 
striction in the guinea pig, and expressed as % protection at the stated time 
interval (in minutes and hours) post-drug against histamine agonist. Doses 
are expressed in milligrams per kilogram or body weight (mpk) per os (po) 
10 or intraperitoneally (ip). jq 

A modification of the method of Siegmund. O. H., et. al., J. Pharmacol, and Exp. 
Therap. 90:254 — 9, 1947, is used. Healthy guinea pigs weighing from 250 to 300 
grams are placed four at a time and separated by wiring screening in an 1 1 liter plastic 
„u„ „f n ^!r arnVirv fnllnwine drue administration. The challenge 
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consists of histamine diphosphate (1% solution) aerosolized in a de Vilbiss #40 
nebulizer at 200 rag Hg. ("de Vilbiss" is a Registered Trade ^iark). Times for 
prostration are recorded. All animals exposed to the aerosols f~r 10 minutes r longer 
without prostration, are arbitrarily considered fully protected. 
5 Per cent protection is calculated as follows: * 

100 (Test prostration time-control prostration time) 

% Protection = — 

600 — control prostration time 



10 



wherein the times are measured in seconds. 

CP Cardiopulmonary activity evaluated against histamine-induced bronchocon- 

striction in the dog and expressed as % increase (|) or decrease (j) in in 
the following parameters: 



15 



20 



25 



30 



BP blood pressure 
HR heart rate 
PR pulmonary resistance 
15 pc pulmonary compliance 

RMV respiratory minute volume 

The method used is that of Giles, R. E., Finkel, N. P., and Mazurowski, J., 
Arch. Int. Pharmacoiyn. Therap. 194, 213 (1971). A simulated asthmatic state is 
induced in anesthetized spontaneously breathing dogs by graded intravenous doses of 
20 histamine. The degree of induced bronchoconstriction is reflected by proportionate 

increases in pulmonary resistance. Pretreatment with bronchodialtor drugs aims to 
block the bronchospastic response to histamine. Each dog serves as its own control. 
Mean values 2 hours post drug are given. 

SP Spasmolytic activity evaluated in vitro using guinea pig tracheal chain 
25 prepartion, and expressed as the molar (M) concentration required to 

produce maximum relaxation. 
The method used is that of Castfllo and de Beer, /. Pharmac. Expt. Therap. 90, 
104, 1947* 

AA Antiallergy (anti-anaphylactic) activity evaluated against antigen-induced 
30 bronchoconstriction in rats sensitized with N. brasliensis, and expressed as 

% protection (R). 

The method used is that of Church, N. K, Collier, H. O. J., and Tames, G. W. L., 
Brit /. Pharmacol 46, 56—65 (1972). 

Rats sensitized with antigen from Nippostrongylus brasiliensis exhibit anaphylactic 
35 shock when re-exposed to this antigen 28 days later. The animals are subdivided into 35 
control and test groups. 

Test animals receive a drug either orally, intraperitoneally or intravenously and 
are challenged with intravenous antigen at fixed time intervals after dosing. Antigen- 
induced increases in tracheal pressure are monitored and reflect the extent of broncho- 
40 constriction. 

PCA Antinaphthylactic activity against passive cutaneous anaphylaxis in the rat, 

expressed as % protection against antigen-induced wheal formation. 
The method used is that of Ogilvie, B. M., Immunology 12, 113—131 (1967) 
Reaginic AgE antibodies develope in the rat following subcutaneous injection of 
45 Nippostrongylus brasiliensis larvae. Antisera, collected 28 days later are injected 45 
subcutaneously into new rats. These new rats when challenged with antigen 24 hours 
later exhibit an immediate type I reaction characterized by local swelling and edema 
(wheal) at the site of antisera injection. 

LD 5o Dose required to cause death of 50% of test animals. 
50 The LD, 0 was determined in three species, the mouse (male 18—25 g\ the en 

albino rat (female, 150—200 g) and the albino guinea pig (male, 180—280 bv 
oral administration and in the albino rat by intraperitoneal administration. The ariirnals 
are fasted overnight prior to testing. Six groups of ten animals are used; five groups 
are dosed with the test substance, the sixth group serves as a control and receives the 
55 drug vehicle at the highest test concentration. The compounds were administered in a 55 

0.5% gum tragacanth solution in distilled water using a constant logarithmic increment 
dose. Dose volume ranged from 5 to 40 mg/kg. 

The animals were housed five per cage (rat and guinea pig) or ten per cage 
(mouse) with free access to food and water. The number of dead animals was recorded 
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described by vJ.C^L^ xZlgwT * lhc ^ 

T . . - . ,„ Example 5. 

cor Jp^dingTi 2SK Sc e verT B ? rity f ° f 7 -*f»"»^»*ine. over the 
«f assays as described above Pa '" ° f com P ounds we re "seed in a number 

•^thrziffi^Jl,^ J WhCrC i? ""^^'"8 xanthines with and 
compounds appearinTin thY ^'!i g , tha * some of *e 
effect can be seen lost clearlv hi ™J * ™ "i? ' nC,uded f °/ cora P a ™on only. The 
bronchodi,ation^ - *• compounds in the 

50V njrj 1 "'" 6 BD ., dara i( shou,d «* no** ttat a dose giving less than 40- 
10V E ™Em " 0t C °- nSld R ered useful - D^rences in percent protection o less tL 

«0 mpK K^ciX^ 4378 BiVe ? 96% PrOt ^ Cti0n " 1 "our at a doi of 
4296 Sv« „L %o? rreSp ? nd ng com Po^d d^oid of the 7-carbomethoxy groups 

«^^l y ri2^^S r % 2 % ,argCr d0SC ° f 10 °. m P K k Clearly, g * e UP 7 S -' 
doses. In comparine 4?87 a„d 4^ \ P rot « ct,on tha " 4258 at equal 

^-c^mcSZm^d ^ ll^ wX d0SCS . ( . 10 it can be seen that the 

pounds are already^ ^ both ° f that com- 

evident in the doe aV7moK A„„ t f^ fit ° f * e 7 -?*° m ethoxy group is particularly 
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Example 6. 

Tliis Example illustrates the prolonged activity of the 8-alkylxanthines over that 
of the corresponding 8 — H compounds. The increased and prolonged activity of the 
l^S-trialkyl^-carboalkoxyxanthines relative to that of the l,3-dialkyl-7-carboalkoxy- 

5 xanthines may be seen in Table 4 which compares the activity of corresponding pairs 5 

of substituted xanthines with and without 8-alkyl groups, it again being noted that 
known xanthine compounds appear in the Table for comparative purposes. 

The data on bronchodilator activity in the guinea pig (BD [guinea pig]) show 
the prolonged activity of the compounds having an 8-alkyl group. In each pair the 

10 protection at 4 hours or 6 hours produced by the 8-mcthyl compound is greater than IC 

the protection by the corresponding compound devoid of the 8 -methyl group. For 
pairs 4387 vs. 4380, 4390 vs. 4274, 4378 vs. 4260, pairs 4383 vs. 4280, 4388 vs. 4258 
and 4296 vs. theophylline the 8 -methyl derivatives are shown to be effective at lower 
doses and for longer duration than the 8 — H compounds. This phenomenon is attri- 

15 buted to the 8-alkyl substituted interfering with the normal bioinactivation of 1,3- 15 

dialkylxanthines by enzymatic oxidation at the 8-position, and was not anticipated by 
the teachings of the prior art on xanthine compounds. 
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Example 7. 

-omnSL^T P 5 illustr ! tes ' '. n . some '"stances by reference to known compounds for 
omparison, the decreased tox.c«y of substituted xanthines having R, = 2-meihvl'l- 

5 tZSZS&F* Rl = ,SObUtyl WhU< «* ^ ° f AC ^Wounds^ins 

The unexpected improvement in activity of l-aJkyM-(2-methyl-l-butvn-7- 5 
carbomechoxy xanthines, without a corresponding increase in toxicity with reference 
to the correspond.ng 3-isobuty! homologs can be seen in Table 5 where the datT fS 

SKE^E Pa,rS .,on C0 ^ P0U 2 ds i$ P resented - ™ s » *ost deariy in 

SLSZa I hT-kI 39 ^' J^ e . effcctive n«s of the 7-carbomethoxy compounds can be in 
comparedm the bronchod.lation assay in the guinea pig and the antiaMerev assav in 
the rat. The effectiveness data show that the l-m^yl-i(2-methylT- ou S 
7-caAomethoxyxanth.nes (4387) is about as effective as the correspond** 3-SSSl 

^Jrjs^r***** compound having <** Sip s 

20 poten^Sl in'^^^ «« fi^ 3 
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15 



25 



20 mpK^nd 2 ?? 2 f° Ut as shown ^ *» doses of 
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Example 8. 

This Example illustrates (again with reference to known xanthines) the activity 
of substituted xanthines according t this invention and the variation in pharma- 
cological effects produced by introducing different R, substituents. 

•> Table 6 shows the results of the bronchodilation assay described above in the 5 

guinea pig for a series of 1,3-dialkyl and l,3»8-trialkylxanthine-7-carboxylates in which 
the R* group was varied. The most effective compounds are those in which the lowest 
dose produces an acceptable bronchodilation (^40%). Data is also included showing 

[0 effectiveness in the antiallergy assay in the rat, and the in vitro bronchodilation activity. 

The data for the effectiveness of the compounds shown in the Table 6 teaches 10 
that the activity of xanthine bronchodilators depends not only upon the total number 
of carbon atoms comprising R„ R„ R s and R, but also upon the distribution of these 
carbon atoms among R M R SJ R, and R, and especially upon the branching within the 
structure of the R s group. 

IS Maximum activity is obtained when R l =R, = R = methyI and R* is a C 4 or C 3 ,c 

alkyl group. Peak activity is obtained when the alkyl group of R, is branched at the 
number 2 carbon 

— €H 2 CHR 

is, 

as in 2-methyl-l-butyl. 

20 Optimal activity, i.e., maximum activity with relatively lowest toxicity is obtained 20 

when Ra is a 2-methyl-l-butyl group. Of all the possible C 4 and C 5 alkyl groups, only 
the 2-methyI-l -butyl group is both primary and asymmetric, i.e., capable of existing 
as dextro and tevo forms. 
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TABLE 8: 


CARDIOPULMONARY 


ACTIVITY 


IN THE DOG 










CP (dog) (mean 


value ai 2h) 








mpK 


BP 


HR 
n *\ 


PC 


PR 


RMV 




lpo 




^40 


A 40 




^39 




2po 


^03 






^85 


?10 




3po 


^08 






i inn 


^68 




4po 


4,25 


*17 


^42 


v 77 


*76 


4390 


3po 


4,07 


T13 


*70 


^85 


->41 


Theophylline 


40po 




"06 


A 25 


^36 


^38 


4383 


lpo 


il2 


^21 




|36 


~33 



Example 11. 

Tablets 

19.5 grams of starch are dried to a moisture content of 10%. 0.5 grams of 1 8- 
5 aimemyl-3-(2-methyl-l-butyl)-7-carbomethoxyxanthine in finely powdered form are s 

thoroughly mixed with the starch. The mixture is compressed into slugs The sIues 
are reground into powder of 14-16 mesh size. This powder is rec oppressed into 
tablets weighmg 200 mg. each. Each tablet thus has the composition: 

1 ,8-dimethyl-3- ( 2-methyl- 1 -butyl ) -7- 
10 carbomethoxyxanthine < ma 

S <™» 195 ml 10 
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_ , Examples 12 

Capsules 



i u A? t °u 19 5 ^ ms ? f starch and 05 8™™ of li8-dimeihvl-3.(2.mcthvl- 

l-butyJ)-7-carbomethoxyxanthine is prepared as described in Example 11. The powder 
is loaded mto hard gelatin capsules that each capsule contains 200 mg of the powder 



Example 13. 

Sublingual Tablets 



Example 14. 

Aerosol 



Five grams of l,8-dimcthyl-3-(2-methyl-l.butyl).7-carbomethoxyxanthine were 
d.ssolved in 1000 grams of a mixture of 20 parts by weight of dichlorodifluoZethane 
and 80 pans by weight of l,2-dichloro-l,l,2,2-,etrafluor«thane and loaded inTa co£ 

Z^^^" im W Pf0VidC 8 ^ ° f Se 



WHAT WE CLAIM IS:— 
30 LA compound having the formula: 



15 



Tablets for sublingual administration were prepared by standard procedure each 
20 tablet contam.ng 5 mg of l J 8-di m eth y 10-(2-methyl-l-but y i)-7-carbo m ethoxyx7;thine 

.n a rap.dly disintegrate* base comprising starch, lactose, sodium saccharin and talcum 20 



25 



30 
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wherein: 

R,=C,— C, alkyl; 

R»=--CH*— (C,— C,) alkyl or — CH,— (C— C 4 cycloalkyl); 

g' = 2 or COOR in which R=C,-C, alkyl, 2-halo Q-C, alkyl or phenyl; and 
5 K k — n or v^— alkyl, 

provided that R f and R» are not H simultaneously 5 
2. A compound according to Claim 1 and having the general formula:— 



25 



30 



35 



40 



S Cccg 



wherein: 

10 R, = C,—Ct alkyl, 

R, = CH a — ( C— C 4 alkyl ), 

CHj — (Cj — C, )— cycloalkyl. 
R. = H, C,— C, alkyl, 



<>-<h 



10 



15 



20 



R - C— C. alkyl, 2-halo-(Q— C, alkyl), or phenyl. 
15 ]■ ^ compound according to Claim 2 wherein R, =methyl 

4. A compound according to Claim 2 wherein R, is n-butyi 
■ 5. A compound according to Claim 2 wherein R, is isobutyl 

6. A compound according to Claim 2 wherein R, is n-pentyi 

7. A compound according to Claim 2 wherein R, is isopentyl 
20 8. A. compound according to Claim 2 wherein R, is 2-methyl-l-butyl 

9 A compound according to Claim 2 wherein R, is cydopropylmethyl 

10. A compound according to Claim 2 wherein R, is^dobuttfmeZ 

11. A compound according to Claim 2 wherein R. is ethyl W 

12. A compound according to Claim 2 wherein R. is methyl 

13. A compound according to Claim wherein R is ethyl. , c 
i c ' t o C0 JP.P<T d . acc0rdin e » Claim 2 wherein R is methyl. 25 

18. 1.8-D.methyl-3-(2-me^ 

22 J'SrWi 3 ^ 2 ; m f th y , - 1 - but yl)-7-carbopropoxyxanthine. 
^.i-Me^yl-a-CZ-methyl-I-butylJ-T-carbomethoxyxanthine. 

* ft n\^2 W" (2 - me 1 th >' , - I - but y 1 )-7-carbomethoxy«nthin e . 35 

25. '.8-Dmiethyl-3-isobutyl-7-carbomethoiyMnthine. 

26. l,8-Dimethyl-3Msobutyl-7-carboethoxyxanthine 

27. A compound according to Claim 1 and having the general formula- - 



OUf* 40 
«1 

wherein: 

R,= methyl, 

R,=CH,— (C„— C, alkyl), 

45 R.=cTSl.S.- C0 - <yClOa,ky, • Md 

butyl 8 " A C ° mP0Und aCC ° rding t0 aaim 27 whcrein R» ■ "obutyl or 2-methyl-l- 45 
29. A compound according to Claim 27 wherein R, is n-butyl. 
50 « a COmpound . acc «d ng to Claim 27 wherein R, is isobutyl 

50 31. A compound according to Claim 27 wherein R, is n-pX. 

32. A compound according to Claim 27 wherein R is isopentyl. 50 

33. A compound according to Claim 27 wherein R is 2-methyl-l-butvl 

l\ A rnllTi aCCOrd J ' ng t0 C,aim 27 wherein R is cydopropylSv) 
35. A compound according to Claim 27 wherein R, is^cyclobutym Jyj 
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20 



36. A compound according to Claim 27 wherein R 4 is ethyl 

37. A compound according to Claim 27 wherein R„ is methyl. 
38.1 ,8-Dimethyl-3 - ( 2 -methy 1-1 -butyl ) xanthine. 

39. <fcx/ro-l ) 8-dimethyl-3-(2-methyI-l-butyl)xanthine, 

40. ^o-l,8-dimethyl-3-(2-methyM-butyl)xanthine. 

41 . l,8-Dimethyl-3-isobutylxanthine. 
™™ ' A P rocess for P rc P an *ng a compound as claimed in Claim 1 in which R r is 
COOR, which process comprises reacting a sodium salt of a 1,3-dialkvl- or 13 8- 
tnalkylxanthine in which the 1-alkyI group is as defined for R, in Claim i, the 3-alkvl 
group is as defined for R 5 in Claim 1 and the 8-alkyl group is as defined for R. in 
Qaim 1 with an alkyl chloroformate of formula CICOOR in which R is as defined 
in Claim 1. 

43. A process as claimed in Qaim 42 and substantially as hereinbefore described 
in Example 3 or Example 4. 
15 44 - A process for preparing a compound as claimed in Claim 1 in which R T is 

hydrogen which process comprises cyciizing a 4 - amino - 5 - alkanoylamino - 1,3- 
dialkyluracil in which the 1-alkyl group is as defined for R, in Claim 1, the 3-alkyl 
group is as defined for R, in Qaim 1 and the alkanoylamino group is of formula 
— NHCOR, in which R, is as defined in Qaim 1, 

20 45. A process as claimed in Claim 44 and substantially as hereinbefore described 

in example 2. 

46. A compound as claimed in Claim 1 and obtained by a process as claimed in 
any one of Claims 42 to 45. 

47. A pharmaceutical composition comprising an amount of a compound according 
25 to Qaim 1 effective for bronchodilation in combination with a pharmaceutical^ 

acceptable carrier. 7 

48. A composition according to Claim 47 in the form of a tablet 

49. A composition according to Claim 47 which is in the form of a capsule 
containing a compound as claimed in Claim 1 optionally in the form of a mixture 

30 thereof with a pharmaceutical carrier material. mixture 

50. A composition according to Claim 47 in the form of a sublingual tablet 

51. A composition according to Claim 47 wherein said diluent is an aerosol 
propellent. 

52. A composition according to Qaim 47 comprising 1,8 - dimethyl - 3 - (2- 

35 ^L^o^pkL'. Caife0mCth ° XyXanthine dis80,Ved h a Practically 3J 

53. A composition according to Qaim 47 comprising 1,8 - dimethyl - 3 - (2- 
methyl - 1 - butyl) xanthine dissolved in a pharmaceutically acceptable aerosol 
propellant 

40 54. A pharmaceutical composition in the form of a tablet comprising between 

2 mg and 50 mg of a compound according to Qaim 2 in combination with non-toxic 
pharmaceutically acceptable excipients. 

55. A pharmaceutical composition in the form of a tablet comprising between 
1 mg and 100 mg of a compound according to Claim 27 in combination with non-toxic 

45 pharmaceutically acceptable excipients. 

56. A compound according to Claim 1 and specifically identified herein. 45 

57. A pharmaceutical composition substantially as described in any one of 
Examples 11 to 14. 

BROOKES & MARTIN, 
Chartered Patent Agents, 

High Holbom House, 
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Agents for the Applicants. 
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